This, we further emphasized in our second article [4] when we suggested that the current Food and Drug Administration approach of assessing the bioequivalence of levothyroxine formulations [5] [6] [7] , comparing not only the average levothyroxine area under the curve and maximal plasma concentration but also the within-subject variability (WSV) of the two formulations using a replicate design, is the best approach.
We thank Yu and Maliepaard [1] for their comments on our article, in which they explain why we have not recommended recourse to an individual bioequivalence (IBE) trial, as proposed historically by the US Food and Drug Administration [2] . From their response, it might be construed that this was our intention, but this is not so, as we made clear in our first publication [3] . There, we stated "IBE has been both extensively discussed and challenged and then, finally, not adopted by regulatory authorities". We respectfully submit that we cannot be criticized for not having discussed the reason for not adopting IBE by regulatory authorities. To re-iterate, we explained in our first article that "It is beyond the scope of this paper to discuss in detail advantages and limitations of IBE". This, we further emphasized in our second article [4] when we suggested that the current Food and Drug Administration approach of assessing the bioequivalence of levothyroxine formulations [5] [6] [7] , comparing not only the average levothyroxine area under the curve and maximal plasma concentration but also the within-subject variability (WSV) of the two formulations using a replicate design, is the best approach.
Our support for the Food and Drug Administration guideline on levothyroxine is based on the fact that 'what the patient needs to know and be certain of' is the guarantee of reproducibility of treatment. Essentially, this Food and Drug Administration approach is still average but extended average bioequivalence (ABE) and not IBE. Our view was and remains that the conceptual framework of IBE should be considered. The IBE concept is highly relevant in this instance because it places the patients and their expectations firmly at the heart of the trial, by considering their individual therapeutic window [8] . We cite the opinion of Munk on IBE trials, "there is a general agreement that the concept of IBE is an important and convincing concept which is in general superior to ABE" [9] . As meaningfully discussed by others [10] , the ABE trial does not consider the issue of an individual therapeutic window. These authors reviewed the current 2010 European Medicines Agency guideline [11] when stating, "In fact, those parameters (i.e., area under the curve and maximum plasma concentration) seem to be more sensitive to differences in the formulation or the manufacturing process than clinical end-points and a more 'quality-like' approach has been adopted" (in this guideline). With others, therefore, we do not accept the opinion that, for a narrow therapeutic index drug like levothyroxine, patients are simply members of a statistical distribution, for which it is sufficient to guarantee that the geometric mean (or median) μT/ μR ratio of the area under the curve and maximum plasma concentration is equal or close to 1. This opinion fails to fulfill the legitimate expectation of patients, namely that they are entitled to receive treatment with a reproducible formulation.
We do not need to address here the Yu and Maliepaard comment on the interchangeability of generics because the new formulation (NF) of Levothyrox ® is not a generic. It is a reformulation of an existing product. Therefore, the issue is not one of interchangeability but of switchability. The two terms are not synonymous because the We now address two further comments of Yu and Maliepaaed. First, they wrote "With regards to the use of healthy volunteers instead of patients to assess bioequivalence (…) there is no reason to assume that, if two formulations are bioequivalence in healthy subjects, relative exposure of the two formulations in patients would be different. Second, regarding WSV of two formulations, i.e., the original formulation (OF) and the reformulation (NF), they comment that "there is no reason to assume that levothyroxine would be different from other drug". This they conclude because, after reviewing seven trials involving seven drugs (but not levothyroxine), such a difference was not noted [13] . By no standard can levothyroxine be classified as a conventional drug. Whilst the use of healthy volunteers rather than patients is generally acceptable in ABE studies, and indeed sound for most conventional drugs, we submit that further discussion is essential for levothyroxine. Levothyroxine is an endogenous compound. It is a hormone, which can be prescribed as a drug to patients exhibiting varying thyroidal status within a very large range. For the thyroidectomized patient, both the average and the range of internal exposure to T4 depend solely on the prescribed formulation, administered at a relatively high-dose level. The situation differs for those patients receiving treatment for sub-clinical hypothyroidism because they have an elevated thyroid-stimulating hormone level but a normal-range free T4 level. In these patients, the contribution of the low dose of administered levothyroxine to the overall T4 exposure will be minimal and its variability buffered by natural existing feedback mechanisms. We must consider as paramount the patient perspective on two formulations, undeniably bioequivalent in term of ABE but having different WSVs (e.g., 10 vs. 25% for the two formulations). Can the formulations be therapeutically equivalent for these two classes of patient, the thyroidectomized group and the hypothyroid group? It is clear to us that a formulation having a low WSV is highly desirable for patients having no thyroid, whereas a higher WSV would have a much less detrimental impact in the case of sub-clinical hypothyroidism.
These considerations are the basis of our comments expressed on the question of a patient-by-formulation interaction. Those contesting our views challenged the notion of IBE on the ground that such interactions are reported only infrequently. This is true, but what is also true is that physiological or physiopathological factors generating such interactions are very seldom present in the healthy population from which homogeneous volunteers enrolled in an ABE trial are selected. For levothyroxine, the first putative factor to generate a relevant formulation-by-subject interaction is the subjects' thyroid status and the possibility that this was null for Levothyrox ® ABE. This was acknowledged by Gottwald-Hostalek et al. when they wrote "The main exclusion criterion was any medical condition or concomitant medication that may have significantly influenced the results" [14] .
In conclusion, we respectfully remind Yu and Maliepaard of two key issues. First, that more than 30,000 patients reported adverse drug reactions within 14 months, following the replacement of the OF by the NF of Levothyrox ® . Second, in a survey comparing 1,037,553 patients treated in 2016 with the OF vs. 1,037,553 subjects treated in 2017 with the NF, the conclusion was that approximately 20% of patients had ceased using the NF at the end of 2017 compared with 3% for the paired group treated with the OF in 2016 [15] . Attempts to explain what has happened in France as a mere media crisis due to the greater emotional distress of patients taking thyroxine are well short of a sound scientific base. At very best, it is a surprising conclusion from those charged with evaluating the licensing submission dossier from an ethical perspective.
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